Abstract-This paper reviews gender issues in their productivity as researchers. By collecting researcher data from Indonesian R&D institution and the output they have produced (from google scholar), this paper explores the determinants of research productivity with evaluated scientific paper, citations, and h-index. In order to find out whether there is any significant difference between male and female productivity distributions or the issue of the gender gap, a Kruskal-Wallis test is used. By studying based on level of education and scientific fields, this paper finds that even though in terms of numbers, male researchers are still more than women, but when stratified by both academic degree and study field, there was enough evidence to conclude that no significant differences between publication productivity for men and women Index Terms-Female, gender, male, researcher, research productivity.
I. INTRODUCTION
Indonesia is a developing country which has now become 10 countries with strong economies [1] . Referring to India, and China as a newly developed country, Indonesia seeks to improve science and technology and innovation. Therefore, Indonesia is increasing R&D activities, as well as strengthening resources through R&D budgets, R&D human resources and infrastructure. Basically, R&D institutions in Indonesia are in four sectors, namely the government sector, higher education, private or industrial and non-profit institutions. Among the four sectors, the highest number of researchers is the higher education (63% of total researchers), then government (24%) and private or industrial (10%) [2] . However, government R&D institutions dominate R&D activities in Indonesia. Around 82% of national R&D expenditure comes from the government. This is because government R&D institutions produce strategic things that are more in the public interest, so that institutional capacity is very important to develop [3] . The quality of R&D is measured through technological productivity produced by the institution per unit of resources and / or costs managed. Whereas dissemination capacity is measured by the intensity and range of publication of research activities carried out and science and technology produced through both print and electronic media, the quantity and quality of science and technology adopted by the users, and royalties received by the top institutions [4] . In this case the management of R&D institutions managing Human Resources including researchers becomes important.
Measuring the capacity and capability of researchers in R&D institution are different from other institutions or organizations. Researchers are relating to the R&D dimensions, namely R&D in higher education institutions, government or private. The number of researchers reflect the institutional capacity including creating and applying new knowledge. Institutional performance is determined by the magnitude of the potential to create, introduce and disseminate technological innovation and its use to the community [5] . In other words, it is not just the amount but also calculates the skill level based on the proportion of the total workforce. To obtain researchers that has great performance, a good management is needed. Human Resources Development (HRD) has a role in planning, developing and managing individuals and groups in R&D structures and organizations. Basically, HRD is complex, diverse and interdependent. The thing that distinguishes between HRD in R&D institutions and other institution is the personnel. R&D personnel are educated, skilled and professional. Researchers tend to be professionally oriented, while personal in non-R & D institutions tend to be institutional oriented [3] .
Basically the popularity of R&D institutions is highly dependent on researchers and scientists working in it who can build institutional images, expand networks, raising funds from research donors to competition between institutions which are then measured in the index. Researchers who have the potential, expertise, skills or expertise in creating, developing and utilizing science and technology as well as credibility in the scientific community are valuable assets for the institution. This situation makes scientific productivity a measure of the career success of researchers. Researchers productive are given the rewards with promotions and lucrative job mobility. But researchers who are unproductive, then considered unsuccessful. They are sometimes directed to leave the institution. The level of scientific publications then becomes an accurate measure of productivity [6] .
Furthermore there are other issues in the productivity of researchers, especially between female and male researchers. Based on 50 empirical studies since 1920, female scientists produced less than half of the scientific writings compared to male colleagues [7] . This is believed to always be consistent from year to year which then causes confusion [7] . Therefore a re-study was conducted by analyzing male and female scientists who received doctoral degrees in 1969-1970 and analyzed their productivity during the first 12 years of their careers. The result is almost the same. Women still give less than half, although their numbers increase. Other researchers conducted a study based on empirical evidence in 1969, 1973, 1988 and 1993 which later found that the gap in scientific productivity between women and men was getting smaller and smaller and that happened when female scientists were placed in a secular environment [6] . Studies on young researchers also show that their productivity is increasing every year compared to senior researchers. A more competitive scientific system allows this to happen. However, even the most productive female researchers still cannot outperform their male counterparts [8] . Research on the relationship between gender and scientific productivity has not been done much in Indonesia. This knowledge is important because based on The National Training Educational Center for Research Development -LIPI 2018 data, for the past five years there has been an increase in the number of female researchers in government R & D institutions, which averages 7% annually. Even in 2018, the number of young female researchers (aged 25-29 years) slightly exceeds men. For this reason, it is necessary to know the productivity of female researchers, whether there is a difference in productivity between female researchers and male colleagues. Although the study of women as scientists (chapter II) shows exist of obstacles and deep in their career. In the end this knowledge has become important for HR decision makers to wisely manage researchers so that R & D institutions get maximum profits. Therefore, this paper describes the results of the analysis of differences in scientific productivity between female and male researchers based on the level of education by measuring scientific publications indexed by Google Scholar, citations, h-index.
Thus, the systematics of this paper is as follows Chapter 1 explains the purpose of this paper, namely to examine the existence of scientific productivity differences between female scientists and male partners, then in Chapter II describes about women as scientists. The next section, we will discuss methodology. Chapter 4 explains the profiles of researchers in the Indonesian government R & D institutions. Chapter 5 we will discuss the results of the analysis. Chapter 6 we finally give some conclusions.
II. WOMEN AS SCIENTISTS
Early 20th century female scientists such as Rosalind Elsie Franklin were pioneers of Molecular Biology, Maria Goeppert-Mayer (1906-1972) Nobel laureates in Physics, or Helen Sawyer Hogg (1905-1993) who were astronomical scientists depicting real life about women who survived as researchers [9] . Those with various obstacles have participated in revealing the secrets of nature since the beginning of civilization. For them the existence or recognition of achievement is the most important compared to the number. With unique and different levels, all female scientists face obstacles when their scientific work is published simply because they are female [9] . Many of the female scientists were not allowed to get further education; only a few people allowed to work but without payment. Privileges are only given to men with the same job. Then some female scientists along with male colleagues fought against fascism, racism, and discrimination based on class and ethnicity [8] .
What about the current conditions? In the past decade the gender gap in labor force participation as researchers has in many cases been wider than the gender gap in the educational trajectory. This evidenced of research that shows that scientists and engineers in Latin America face more significant barriers than men with the same education [10] . The development of women's careers as scientists is always characterized by two things: first related to the high level of resignation for women who experience negative things after entering a male-dominated field and the second is referring to the difficulties and obstacles of women to climb career paths [11] . Women concentrate at the bottom of the hierarchy, and are not present in positions, decision-making or leadership.
A full understanding of the factors that hinder the career path of female scientists is that there are still a number of myths which later become stereotypes and ambivalence for women who have a career as scientists. These supervisors include [11] : a. Women do not have the ability and encouragement to succeed; b. The problem of women's representation naturally can be solved with the passage of time; c. Changing election rules and promotions that encourage gender equality has a negative impact on standards of excellence and progress; d. Female scientists are less productive than male counterparts; e. Female scientists are not as competitive as men; f. Female scientists are a bad investment because they are more interested in and spend more time on family and children; g. Conventional systems have worked well in producing knowledge.
III. METHODOLOGY AND BASIC CONCEPT
This study uses the concepts and definitions of research activities and researchers as follows: R&D activities that aim to achieve either specific or general objectives, even if these carried out by different performers. To perform an activity become an R&D activity, it must satisfy 5 core criteria. The activity must be: • novel • creative • uncertain • systematic • transferable and/or reproducible [4] . Researcher is the people who perform R&D, the highly trained scientists and engineers.
To measure productivity, this study uses three parameters namely scientific publications, citations, and h-indexes produced by researchers working in the Indonesian government R & D institutions. Written scientific publications reported that describe the results of original research and then published [12] . Scientific publications must meet certain requirements about how this paper written and how it published. The process towards publication is as important as the content, style and organization of published papers. According to this view, scientific papers must be valid publications, i.e. they must be published in the right place, such as in peer reviewed journals or in top-ranked conferences [12] .
Citation is a brief reference to the source that directs the reader to the full reference at the end of scientific work updates [13] . More scientific writings cited by other researchers mean that scientific writings are increasingly spread out and become a measure for researchers. The quote will be related to h-index [13] .
In 2005 Jorge Hirsch developed the H-index. H-index is a single number indicator to evaluate the scientific achievement of a researcher. The simple way of calculating is as follows: "A scientist has an index h if h of the paper Np each has at least a quote, and another paper (Np -h) each has fewer than ≦ h quotations each" [14] . Measuring the H-index gives an advantage in evaluating a scientific paper through integration between productivity (number of publications per total scientist) and the impact (impact of peer scientists' papers) on one indicator [14] .
Data collected is obtained from the National Training Educational Center for Research Development -LIPI (Pusbindiklat -LIPI) database including the name of the researcher, employee identification number, academic degree and field of science. Scientific, citation and h-index publications taken from the google scholar through Harzing.com. Google scholar is an internet-based search engine designed to search for scientific information, including peer-reviewed articles, theses, books, preprints, abstracts, and court opinions from academic publishers, professional societies, online repositories, universities, and other Web sites [15] .
To analyze productivity differences between female and male researchers, this study used the Kruskal-Wallis Test method [16] . In statistical analysis, sometimes it is advantageous to use ranks instead of the original observations-that is, to sort the N observations by value and replace the smallest by 1, the second smallest by 2, and so on, the largest being replaced by N. The advantages are (1) Easy to calculate; (2) Only very general assumptions made about the kind of distributions from which the observations come; (3) Rank test have a better chance than usual test procedure to detecting kinds of difference of real interest, when the assumptions are too far from reality.
Kruskal-Wallis test or Kruskal-Wallis test by ranks or one-way ANOVA on ranks is a non-parametric method for testing some samples whether come from same distribution. Since it is a nonparametric method, Kruskal-Wallis test does not assume normal distribution of residuals, unlike analogous one-way ANOVA. 
IV. PROFILE RESEARCHERS IN R&D GOVERNMENT
Indonesia has a policy regarding the existence of researchers working in government. Each researcher is required to enter the structure of the research position. There are four functional levels of researcher starting from the lowest are: first researcher level, young researcher level, middle researcher level and principal researcher level. At each level, researchers are trained in an education and training agency. Furthermore, for assessments at every level, researcher who are required to fulfill the requirements for increasing levels such as publishing their research results into national and international journals, or registering for patents, etc.
To give an idea of the condition of researchers working in the government sector, below is described the proportion of Indonesian researchers based on gender, age, education level and research position.
In 2018, the proportion of female and male researchers is as shown in Fig. 1 . Researchers proportion of women and men are fairly balanced. This balanced proportion has occurred since 2010-2018 with a tendency to increase the proportion of female researchers every year (Fig. 2.) . Describe researchers' age shows a pattern of distribution that is not too different between male and female researchers. The highest proportion of researchers in productive age is between the ages of 30-39 years (Fig. 3) . Fig 3. proportion of female and male researchers based on age.
Source: processed from pusbindiklat LIPI, 2018
Based on the level of education, there is no significant difference between the proportion of women and men. This means that there is a gender balance at academic degree (Fig.  4) . A different picture when viewed from the position structure of the researcher. When viewed from the level of researchers, the higher the level of researchers, the fewer women in it. The most female researchers at the first and second levels (Fig. 5 ) Many female researchers entered the first and second position in the range of 26-45 years. I.e. the 46-50 year thereafter, they started higher positions. Female researchers also managed to reach the highest level, as a principal investigator at that age (although fewer than 10 people) ( A slightly different pattern seen in male researchers. There is a shift in age (early age) in higher career achievement in research positions. Initially, male researchers arranged their careers at the age of 26-30, but there were a number of male researchers who could occupy the position of intermediate researchers at the age of 31-35, even the main research position was over 41-46 (Fig. 7) . 
V. SCIENTIFIC PRODUCTIVITY ANALYSIS BASED ON GENDER
In the last chapter, it is known that the profile of researchers in government R & D institutions, especially female researchers, which in number and proportion based on academic level is not too different from male counterparts, but from the level of position there are significant differences, then this chapter describes differences their scientific productivity.
An analysis of productivity differences between female and male researchers is shown in terms of publishing scientific papers. Furthermore, the differences in the quality of the research produced are proven through citation and h-index sizes.
This study uses the Kruskal-Wallis method with statistical analysis described as follows. It previously explained that the data has a median value. Median is preferred to mean when there are few extremes scored in the distribution [17] . Median also not distorted by outliers or skewed data [17] . As shown on histogram, total number of paper publications, number of citations, h-index and career duration are skewed data. So, median will be used to represent data. A nonparametric analysis, Kruskal-Wallis Test was performed to calculate difference between median for total number of paper publications, number of citations, h-index, and career duration. Data stratified by gender, and academic degree. All statistical analyses were performed using Minitab (see figure 8. ). 
A. Number of Paper Publications
In general, men had a higher median number of paper publications (P=0.002) than women. Median number of paper publications was 16 for men and 13 for women.
When stratified by academic degree, there were no significant difference between men and women (bachelor and Ph.D. degree), except for Master degree, men had higher median number of paper publications than women (P=0.009). Median number of paper publication was 15 for men and 12 for women.
When stratified by field of study, there were significant difference between men and women. Among the field of Science, Technology, Engineering, Mathematic (STEM), men had median number of paper publications 16, higher than women 13 (P=0.022). Among social science, men also had median number of paper publications 19, higher than women 10 (P=0.025).
When stratified by both academic degree and field of study, there were no significant difference between men and women, except for Master degree and field of STEM, men had median number of publications 15, higher than women 12 (P=0.024).
B. Number of Citations
In general, men had a higher median number of citations (P=0.046) than women. Median number of citations was 19 for men and 16 for women.
When stratified by number of citations, there were no significant differences between median number of citations for men and women.
When stratified by field of study, there were significant difference between men and women, except for field of STEM. Among social science, men had median number of citations 28, higher than women 5 (P=0.007).
When stratified by both academic degree and field of study, there were no significant differences between median number of citations for men and women.
C. H-Index
In general, there were no significant differences between median h-index for men and women. When stratified by academic degree, there were no significant differences between median h-index for men and women.
When stratified by field of study, there were significant difference between men and women, except for field of STEM. Among social study field, men had median h-index 3, higher than women 1 (P=0.003).
When stratified by both academic degree and field of study, there were no significant difference between median h-index for men and women.
D. Career Durations
In general, there was no significant difference between median career durations for men and women. When stratified by academic degree, there were no significant differences between median career durations for men and women.
When stratified by study field, there were no significant differences between median career durations for men and women.
When stratified by both academic degree and study field, there were no significant differences between median career durations for men and women.
VI. CONCLUSION
Currently a career as a researcher is a concern for women. This is because the number of female researchers tends to approach male researchers and continues to increase from year to year. Even at productive age (between 25-35 years), the number of women exceeds men. The number of women with S1, S2 and S3 education levels has also equaled men. This shows the equality of quantity and quality of female and male researchers. It's just a little lame when calculating the proportion of female and male researchers based on research positions. The highest proportion of female researchers at the low level of office is the first level of researchers and the level of young researchers. This proportion decreases with the increase in the level of research.
Analysis of scientific productivity in this case measured by scientific publications indexed by Google Scholar, citations and h-index shows that in general there are significant differences between female and male researchers. In terms of the number of publications, female researchers lag behind men. Significant differences are also seen when analyzed based on education level, especially in master degree. But there was no significant productivity difference for researchers with bachelor degree and Ph.D. degree. Especially in the field of STEM and social sciences, the scientific productivity of male researchers is superior to women. The more interesting thing is that if analyzed by the level of education and science, there is no significant difference between women and men in publishing the results of their research.
Analysis of citations shows that the productivity of female and male researchers is the same in terms of number of citations. Things that are not different are also shown to researchers with STEM. In this case there was no significant difference in productivity between female and male researchers based on their academic degree and field of study.
In the case of h-index female researchers have the same ability as male colleague; because the results of the analysis show that there are no significant differences between female and male researchers based on education level and field of science. Similarly, if studied based on the length of career time. It turned out that there were no significant differences between female and male researchers who were sorted by academic degree and field of science.
The final conclusion is if examined based on education level and scientific field, there are no gender differences that affect scientific productivity.
